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Cell Growth Inhibition 

Technical Field 

The present invention relates to methods for arresting cell growth 
applicable to cancer treatment and therapy. 
Background Art 

Cancer is a major lethal disease for humans and is caused by 
physiologically-uncontrolled cell proliferation which affects normal 
physiological conditions of human body resulting in serious pathological 
reactions often leading to death. Although tremendous efforts on cancer 
studies and treatments have been made, presently, cancer is still the major 
cause of death to humans. There are multiple approaches to treat cancer 
patients including surgery, radiation therapy, and chemotherapy. As the first 
two methods are not able to completely eliminate cancer cells in patients, the 
latter approach is commonly used to control cancer cell growth with or 
without other treatments. Anti-cancer compounds used in patients are often 
targeting prevention of cancer cell proliferation or killing dividing cells. 
When the compounds are toxic to cancer cells, they may also severely affect 
normal dividing cells which are necessary for human life. Therefore, one of 
main directions in cancer studies is to find methods to specifically block or 
kill cancer cells without affecting normal cell proliferation. There is a 
demand, now, for such treatment on cancer patients. 

ErbBs are class one receptor protein tyrosine kinases. ErbB-mediated 
cell signalling plays a critical role in embryo development and adult organ 
function. On a cellular level, ErbB receptors have been shown to mediate 
signals for cell proliferation, differentiation, migration, and cell structure 
reorganisation. There are four structurally similar ErbB members, ErbB-1, 
ErbB-2, ErbB-3 and ErbB-4. The epidermal growth factor (EGF) is one of 
several ligands that bind ErbB-1. ErbB-3 or ErbB-4 also bind several ligands, 
including neuregulin-1 (NRG-1). To date, no ligand for ErbB-2 has been 
identified. However. ErbB-2 serves as an heterodimer partner for ErbB-3, 
ErbB-4 or ErbB-1, and is critically involved in NRG-1 -activated cell signalling. 

In vivo studies using gene targeting experiments indicate that 
developmental defects resulting from inactivation of ErbB-2 are similar to 
those observed in NRG-l-inactivated animals. Both animals show defects in 
the neural crania ganglia and heart trabeculae development. Furthermore. 
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ErbB-3 or ErbB-4 gene-inactivated mice have similar or overlapping 
phenotypes to NRG-1 or ErbB-2 knockout mice. 

In addition to its role in development, the human ErbB-2 gene is 
frequently amplified and its encoded protein is over-expressed in a variety of 
human carcinomas. Early research on ErbB-2 discovered that an oncogenic 
point mutation resulted in the formation of ErbB-2 homodimers that in turn 
caused significant phosphorylation of the tyrosine residues on the 
intracellular domain. While no corresponding point mutation has been 
found in ErbB-2 over expressing human carcinomas, the upregulation of 
ErbB-2 results in the formation of homodimers that in turn increases the 
tyrosine phosphorylation of its intracellular domain. This process is 
hypothesised to be the start of a signal cascade that triggers cell 
transformation and/or growth, and thus initiate tumourigenesis. There is 
evidence, however, to contradict the hypothesis that ErbB-2 homodimers are 
responsible for the initiation of tumourigenesis: i) some ErbB-2 mutants that 
are engineered to enhanced dimerisation and self-phosphorylation have no 
effect on cell transformation: ii) antibodies that bind to the extracellular 
domain of ErbB-2 and presumably promote homodimerisation result in ErbB- 
2-expressing cancer cell growth promotion, whereas others inhibit cancer cell 
growth. These data indicate that homodimerisation of ErbB-2 is insufficient 
for cell growth promotion or cell transformation, and other conditions, 
possibly involving specific dimer orientation or conformation, are required. 

ErbB-2 acts as a heterodimer partner for the ligand-binding ErbB-3 or 
ErbB-4 receptors. The ligand, NRG-1, has been identified to have two 
independent receptor binding sites: one that has a high affinity for ErbB-3 or 
ErbB-4. and the other that has a low but non-specific affinity for all ErbB 
members. Thus, the exposure of NRG-1 to cells expressing ErbB-3/4 and 
ErbB-2 would result in heterodimers of ErbB-2 and ErbB-3/4. In the absence 
of the ligand. however, it is unclear whether ErbB-2 has an affinity with other 
ErbB receptors, and it is possible that such an interaction could be involved 
in the initiation of cancer. Amongst all the ErbB receptors, ErbB-3 is unique 
because: i) ErbB-2 preferentially forms heterodimers with ErbB-3; ii) co- 
transfection of NIH3T3 cells with ErbB-2 and ErbB-3 results in much higher 
levels of cell transformation than that of transfection with ErbB-2 alone; iii) 
in ErbB-2 over-expression-associated breast cancer cells. ErbB-3 is also highly 
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expressed: iv) ErbB-3 is also over expressed in ErbB-2-over expressing tumour 
cells from ErbB-2 transgenic mice. 

The present inventors studied the role of ErbBs and their interaction in 
cell growth and inhibition. Importantly, it was found that homo- and 
heterodimer formation of ErbBs can play a role in cell prolferatiom 
particularly in cancer cells. 
Disclosure of Invention 

The present inventors have surprisingly found that ErbB-2 expression 
leads to inhibition of oncogenic Ras-mediated cell transformation. 
Furthermore, the present inventors have found that ErbB-2/ErbB-3 
heterodimer formation leads to cell growth stimulation, particularly in cancer 
cells. 

In a first aspect, the present invention provides a method of arresting 
or inhibiting cell growth, the method comprising preventing or reducing 
ErbB-2/ErbB-3 heterodimer formation in a cell thereby arresting or inhibiting 
growth of the cell. 

Preferably., the cell is a cancer cell, more preferably a human breast 
cancer cell. 

One way to carry out the method according to the present invention is 
to treat the cell with a suitable agent. Preferably, the agent is selected from 
molecules which bind to ErbB-2 or ErbB-3 and block interrupt or interfere 
with ErbB-2/ErbB-3 heterodimer formation or conformations resulting in cell 
growth inhibition. 

In one preferred form, the agent is a combination of an anti-ErbB-2 
extracellular domain antibody and an anti-ErbB-3 antibody. Such a 
combination has been found to produce an additive or synergistic effect in of 
arresting, inhibiting or suppressing cell growth. 

A combination of the anti-ErbB-2 antibody N12 and the anti-ErbB-3 
antibody H3. 105,5 have been found to be particularly suitable for the present 
invention. 

The ErbB-2 dimerisation can be caused by multiple mediators, for 
example, a high level of ErbB-2 expression, antibodies binding with theErbB- 
2 extracellular domain. ErbB-2-activated cell growth arrest can overcome the 
oncogenic Ras-activated cell transformation, suggesting a therapeutic usage 
of the ErbB-2 dimerisation. The present inventors have found that ErbB-2 
actually interacts with other ErbB members, such as ErbB-3. Furthermore, 
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ErbB-2/ErbB-3 complex formation was found to be independent of ligand 
(neuregulin 1) stimulation. The presence of ErbB-3 in ErbB-2 -expressing 
cells was able to sufficiently block ErbB-2 homodimer-activated cell growth 
arrest. In fact. ErbB-3 is usually expressed in ErbB-2-expressing cancer cells 
which allows cancer cell growth. This discovery indicates that molecules 
which are able to block the interaction between ErbB-2 and other membrane 
proteins will assist or enhance ErbB-2 homodimerisation. As native ErbB-2 is 
the major form over-expressed in cancer cells, this discoverv allows new 
methods to treat cancer patients carrying ErbB-2-expressing cancer cells to be 
developed. 

In a second aspect, the present invention provides a method of cancer 
therapy, the method comprising preventing or reducing ErbB-2/ErbB-3 
heterodimer formation in a cancer cell of a patient thereby arresting or 
inhibiting the growth of the. cancer cell. 

Preferably, the cell is a cancer cell, more preferably a human breast 
cancer cell. 

Preferably the cancer therapy involves administering one or more 
agents capable of preventing or reducing ErbB-2/ErbB-3 heterodimer 
formation in the cancer cell without substantially adversely effecting normal 
cells in the patient. The one or more agents may act by preventing or 
reducing the interaction of ErbB-2 with ErbB-3 in the cancer cells. 

Preferably, the agent is selected from molecules which bind to ErbB-2 
or ErbB-3 and block, interrupt or interfere with ErbB-2/ErbB-3 heterodimer 
formation or conformations resulting in cell growth inhibition. 

In one preferred form, the agent is a combination of an anti-ErbB-2 
extracellular domain antibody and an anti-ErbB-3 antibody. Such a 
combination has been found to produce an additive or synergistic effect in of 
arresting, inhibiting or suppressing cell growth. 

A combination of the anti-ErbB-2 antibody N12 and the anti-ErbB-3 
antibody H3. 105.5 have been found to be particularly suitable for the present 
invention. 

It will be appreciated } however, that other antibodies which prevent or 
lower ErbB-2/ErbB-3 heterodimer formation in a cell would be suitable 
candidates for the present invention. For human clinical use, humanised 
antibodies would be more suitable so as to minimise complications from 
therapy. Techniques are well known for developing such antibodies and 
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could be applied to develop suitable agents which block, interrupt or 
interfere with ErbB-2/ErbB-3 heterodimer formation or conformations in cells 
to arrest or inhibit cell growth. 

Preferably the agent is one or more of compounds which cause a high 
level of ErbB-2 expression in a cancer cell, compounds which bind with the 
ErbB-2 extracellular domain such as antibodies and other ligands, and 
compounds which prevent or reduce ErbB-3 expression in a cell or which 
prevent the interaction of ErbB-3 with ErbB-2 in a cell. Other agents include 
DNA expression constructs containing cDNAs encoding proteins/peptides 
which can mediate or enhance the ErbB-2 homodimerisation or prevent or 
reduce the interaction between ErbB-2 and other ErbB members, such as 
ErbB-3. These compounds can be anti-ErbB-2 or anti-ErbB-3 antibodies. The 
DNA constructs can be delivered by gene therapy methods which include 
DNA transfectiom infection with viruses carrying the cDNAs, or other DNA 
delivery methods or systems. 

In a third aspect, the present invention consists in use of an agent 
which prevents or reduces ErbB-2/ErbB-3 heterodimer formation in a cell 
thereby arresting or inhibiting the growth of the cell in the manufacture of a 
medicament for cancer therapy. 

In a fourth aspect, the present invention provides an anticancer agent 
comprising one or more compounds which prevent or reduce ErbB-2/ErbB-3 
heterodimer formation in a cancer cell. 

Preferably, the cell is a cancer cell, more preferably a human breast 
cancer cell. 

Preferably, the agent comprises one or more compounds which bind to 
ErbB-2 or ErbB-3 and block, interrupt or interfere with ErbB-2/ErbB-3 
heterodimer formation or conformations in a cell 

In one preferred form, the agent comprises a combination of an anti- 
ErbB-2 extracellular domain antibody and an anti-ErbB-3 antibody. More 
preferably, the antibody combination produces a synergistic effect in 
arresting or inhibiting cell growth. 

A combination of the anti-ErbB-2 antibody N12 and the anti-ErbB-3 
antibody H3. 105.5 have been found to be suitable for the present invention. 

It will be appreciated that other antibodies which prevent or lower 
ErbB-2/ErbB-3 heterodimer formation in a cell would be suitable candidates 
for the present invention. For human clinical use, humanised antibodies 
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would be more suitable so as to minimise complications from therapy. 
Techniques are well known for developing such antibodies 1 and could be 
applied to develop suitable agents which block, interrupt or interfere with 
ErbB-2/ErbB-3 heterodimer formation or conformations in cells to arrest or 
inhibit cell growth. 

In a fifth aspect, the present invention consists in a method of testing 
or screening agents for suitability as anti-cancer agents, the method 
comprising exposing a cell expressing ErbB-2 and ErbB-3 to the agent and 
determining the extent of ErbB-2/ErbB-3 heterodimer in the cell, wherein 
decreased ErbB-2/ErbB-3 heterodimer and/or cell transformation inhibition 
being indicative of anti-cancer potential of the agent. 

Throughout this specification,. unless the context requires otherwise, 
the word "comprise", or variations such as "comprises" or "comprising", will 
be understood to imply the inclusion of a stated element, integer or step, or 
group of elements, integers or steps, but not the exclusion of any other 
element, integer or step, or group of elements, integers or steps. 

In order that the present invention may be more clearly understood 
preferred forms will be described with reference to the accompanying 
drawings. 

Brief Description of Drawings 

Figure 1. ErbB-2 interacts with ErbB-3 in ErbB-2/ErbB-3 co-transfected 
NIH3T3 cells in the absence of NRG-1. NIH3T3 cells were transiently 
transfected with ErbB-2, ErbB-3, or ErbB-2 with ErbB-3. After 48 hours, one 
cotransfected sample was treated with Neuregulin 1 (NRG-1) (50 nM) for 10 
min. The cells were lysed and the receptors immunoprecipitated with anti- 
ErbB-2 or anti-ErbB-3 antibodies. The precipitants were separated by 8% 
PAGE and analysed by Western blot. 

a) (top panel), Western blot analysis with anti-phosphotyrosine antibody. 
Note that ErbB-2 receptors were phosphorylated in ErbB-2 transfected cells, 
and NRG-1 enhanced the phosphorylation level of the receptors inErbB-2/3 
cotransfected cells. 

a) (middle panel) Western blot analysis with anti-ErbB-2 antibody. ErbB-2 
receptors were detected in ErbB-2 alone transfected and ErbB-2 with ErbB-3 
cotransfected cells. NRG-1 also increased the interaction of ErbB-2 and ErbB- 

3. 
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a) (bottom panel) Western blot analysis with anti-ErbB-3 antibody. Except 
for ErbB-2 transfected cells, all other samples displayed a major ErbB-3 band 
(165 kDa). 

b) ErbB-2/3 cotransfected cells were immunoprecipitated with anti-ErbB-2 
antibody, and phosphotyrosine. ErbB-3 and ErbB-2 were detected by Western 
blot (from top to bottom panels, respectively]. Note that NRG-1 enhanced the 
tyrosine phosphorylation level and the interaction of ErbB-2 and ErbB-3. 
Thus. ErbB-2/ErbB-3 interactions are shown by this coimmunoprecipitation 
experiment. 

Figure 2. ErbB-2 and ErbB-3 form heterodimers ErbB-2 and ErbB-3 
cotransfected NIH3T3 cells and the heterodimers identified by cross-linking 
experiments. 

a) ErbB-2, ErbB-3. or ErbB-2/3 cotransfected cells were serum starved for 12 
h. The control cells were stimulated with HRG bl for 10 min. The cross- 
linking was carried out with BS3 reagent for 30 min at room temperature. 
The cells were lysed and immunoprecipitated with anti-ErbB-2 or anti-ErbB-3 
antibodies, and the precipitants subjected to 4% PAGE and Western blot 
analysis with anti-ErbB-2 antibody (top panel), anti-phospho- tyrosine 
antibody (middle panel), and anti-ErbB-3 antibody (bottom panel). The 
position of the dimers and monomers are shown. Note that NGR-1 caused a 
banding shift for the heterodimer but did not affect the banding pattern of the 
homodimer. 

b) A similar cross-linking assay of non serum-starved ErbB-2 and ErbB-3 
cotransfected cells. As above, the dimers and monomers are indicated; note 
that a similar banding shift in the dimer is seen in response to NRG-1 
stimulation. 

Figure 3. The ErbB-2 and ErbB-3 heterodimers are identified in human 
breast cancer cells in the absence of the ligand, neuregulin-1. MDA-MB-45 3, 
BT-474 and SK-BR-3 cells were starved in serum free medium for 24 h, and 
then stimulated with NRG-1. The cells were lysed and immunoprecipitated 
with anti-ErbB-3 antibody. The precipitants were then separated on 8% SDS- 
PAGE and subjected to Western blot analysis with anti-ErbB-2 antibody (top 
panel), anti-phosphotyrosine antibody (middle panel) and anti-ErbB-3 
antibody (bottom panel). In all cell lines, ErbB-2 receptors 
coimmunoprecipitated with the anti-ErbB-3 antibody. The NRG-1 
significantly enhanced the interaction of ErbB-2 and ErbB-3 receptors in 
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these breast cancer cell lines (top panel). NRG-1 was also shown to elevate 
the level of tyrosine phosphorylation (middle panel). 

Figure 4. ErbB-3 binds to signalling protein. Shc ? in ErbB-2 and ErbB-3 
cotransfected NIH3T3 and human breast cancer cells in the absence of the 
ligand. 

a) ErbB-2. ErbB-3 or ErbB-2/3 cotransfected NIH3T3 cells were serum starved 
for 12 h and treated with NRG-1. The cell lysates were immunoprecipitated 
with anti-ErbB-3 antibodies and analysed by SDS-PAGE followed by Western 
blot. Coimmunoprecipitation of She with anti-ErbB-2 and -ErbB-3 antibodies 
was detected by a specific anti-She antibody. Figure 4a shows that the 46 kD 
and 52 kD She isoforms were coprecipitated by anti-ErbB-2 antibody in ErbB- 
2 alone and ErbB-2/3 cotransfected cells, and NRG-1 appears to enhance She 
binding to the receptors (bottom panel). The upper panel shows ErbB-2 
receptors detected by anti-ErbB-2 antibody in these transfected cells. 

b) The two She isoforms were coimmunoprecipitated by anti-ErbB-3 
antibody in breast cancer cells. Note that the She could not bind ErbB-3 
receptors in ErbB-3 alone transfected cell The four human breast cancer cell 
lines were starved in serum-free medium for 12 hour and then stimulated 
with the ligand, HRG bl for 10 min. as marked. Cells were then harvested 
and subjected to immunoprecipitation with anti-ErbB-3 antibody. 

c) Precipitated ErbB-3 was detected by the anti-ErbB-3 antibody for 
normalisation of amount of ErbB-3 protein. 

Figure 5. Anti-ErbB-2 and anti-ErbB-3 antibody-mediated growth 
inhibition of human breast cancer cells in the absence of the ligand, 
neuregulin-1. (A) BT-474, (B) SK-BR-3 and (C) MDA-MB-453 human breast 
cancer cell lines were seeded in 96 well plates at a concentration of 2000 
cells per well. After adhering to the plates (16 hr) cultures were treated with 
antibodies as indicated. The concentration of each antibody was as follows :- 
IgG 5 rag/ml: Ab5 (anti-ErbB-3 antibody): 2.5 mg/ml: N12 (anti-ErbB-2 
antibody) 2.5 mg/ml. Cultures were left to grow for 14 days, media and 
antibodies were replenished at day 7. After 14 days cell numbers were 
established using the CellTiter 96® AQueous non-radioactive cell 
proliferation kit (Promega). 

Figure 6. Focus formation of ErbB constructs transfected NIH3T3 cells. 
Cells transfected with wild-type ErbB-2 or ErbB-3 (WT) (upper row), or co- 
transfected with ErbB-2/H-ras. ErbB-3/H-ras as indicated in panel A, were 
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cultured for focus formation. Wild-type ErbB-2 (WT), ErbB-2 V/E659659 

mutant (V659E). or H-ras alone was transfected in cells for focus formation as 

shown in panel B. Foci were revealed by Xylene staining. 

Modes for Carrying Out the Invention 

EXPERIMENTAL PROCEDURES 

Materials 

NIH3T3 cell line and breast cancer cell lines. SK-BR-3. MDA-MB-453 
and BT-474 were purchased from American Type Culture Collection. 
LipofectAMINETM transfection reagent was obtained from Life Technologies, 
Inc. NRG-1. and the antibodies N12 and H3.105.5 were purchased fromNeo 
Markers. The cross-linking reagent BS3 was obtained from PIERCE Chemical 
Company. The ErbB-2 expression plasmid pRC/CMV-ErbB-2 encoding a full 
length human ErbB-2 cDNA and ErbB-3 expression plasmid pCMVneo-HER3 
encoding a full length human ErbB-3 cDNA were kindly provided by Drs 
Rodney Fiddes and Roger Daly (The Garvan Institute of Medical Research, 
Darlinghurst NSW 2010, Australia). Antibodies recognising ErbB-2 (NCL- 
CBll and NCL-PCll) were purchased from Novocastra Laboratories Ltd. 
Anti-ErbB-3 was purchased from Santa Cruz Biotechnology. Anti-She, anti- 
phosphotyrosine (Recombinant RC20;HRPO) was purchased from 
Transduction Laboratories. Horseradish peroxidase-conjugated secondary 
antibodies and enhanced chemiluminescence (ECL) regents were purchased 
from NEN Life Science Products. 
Cell Culture and Transient Transfections 

NIH3T3 or human breast cancer cells were maintained in Dulbecco's 
modified Eagle medium (DMEM) supplemented with 10% foetal bovine 
serum (FBS) and the selective antibiotic at 37 °C in a 5% C0 2 atmosphere. 
NIH3T3 were transfected with ErbB-2 and ErbB-3 DNA plasmid individually 
or in combination using the LipofectAMINETM reagent according to the 
manufacturer's instructions. Experiments were initiated 48 h after 
transfection. Prior to growth factor stimulation, cells were starved for 18 
hours in DMEM. 

Immunoprecipitation and Western Blot Analysis 

For analysis of ErbB receptors and associated proteins, transfected cells 
(1-2 x 10 b ) were washed with cold PBS and solubilized in 1 ml of lysis buffer 
(50 niM Tris[pH 7.4], 5 mM EDTA. 150 mM NaCl, 1% Triton X-100. 2 mM 
sodium orthovanadate, 50 mM sodium fluoride. 2 mM phenylmethylsulfonyl 
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fluoride, protease inhibitor cocktail on ice (Boeringher). The lysates were 
incubated with protein A (Sigma) or protein G (Amersham Pharmacia 
Biotech) Sepharose at 4°C for 60 min on a orbital rotor before being clarified 
by centrifugation at 13000 g for 15 min. For immunoprecipitations, cell 
lysates were incubated with specific antibodies for 60 min at 4°C. Immuno 
complexes were collected with protein A or protein G Sepharose and washed 
four times with lysis buffer. Cell lysates or immunoprecipitated proteins 
were solubilized by boiling in sample buffer and were subjected to SDS- 
PAGE. The proteins were electrotransferred to PVDF membranes. After 
blocking with 5% skim milk in PBS with 0.02% Tween 20 at 4°C overnight, 
membranes were probed with primary antibodies followed by secondary 
antibodies, each for 60 min at room temperature. Proteins were visualised 
with peroxidase-coupled secondary antibody by using an enhanced 
chemiluminescence reagent (NEN Life Science Products). For reprobing, the 
blotted membranes were stripped with 1% SDS, 0.2 M Tris pH 8.0 by shaking 
at RT for 2 hours, then were probed with respective antibodies. 
Chemical Cross Link Assay 

Before cross-linking and immunoprecipitation assays, the transfected 
cells were starved overnight in serum-free media (DMEM). The following 
day the cells were treated with 50 nM NRG-1 (Neo Markers) in serum-free 
medium for 10 min. Cultures were washed three times in PBS before being 
treated with the cell impermeable cross-linking reagent BS 3 (PIERCE) (2 mM 
in PBS) at room temperature for 30 min. Then the cross-linking reaction was 
stopped with 10 mM Tris pH 7.5, 0.9% NaCl and 0.1 M glycine for 15 min at 
room temperature, The whole cell lysates were prepared with lysis buffer 
and immediately subjected to immunoprecipitation assay as described above. 
Antibody-Mediated Cell Growth Inhibition 

SK-BR-3, MDA-MB-453, BT474, MCF-7 and T47D cells were treated 
with antibodies specific for ErbB-2 and/or ErbB-3. The anti-ErbB-2 antibody 
used was N12 which is known to inhibit the growth of various cancer cell 
lines that over-express ErbB-2. The anti-ErbB-3 antibody used was H3.105.5 f 
which is reported not to affect the growth of cancer cell lines over-expressing 
ErbB-3 (Neomarkers catalogue). Both antibodies are of the same isotype 
(IgGl) and recognise the extracellular region of the receptor. Cells were 
seeded in 96 well plates at a density of 5000 cells/well and left to adhere for 
16 hours. Antibodies were then added to wells (N12 - 1 mg/ml; H3.105.5 2.5 
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mg/ml. crude mouse IgG - 5 mg/ml) and cultures were incubated for a further 
5 days. The number of cells in each well was determined using the Cell Titre 
AQueous proliferation assay (Promega). following the manufacturers 
protocol. 

INTRODUCTION 

ErbBs are class one receptor protein tyrosine kinases. ErbB-mediated 
cell signalling plays a critical role in embryo development and adult organ 
function. On a cellular level the ErbB receptors have been shown to mediate 
signals for cell proliferation, differentiation, migration, and cell structure 
reorganisation. There are four structurally similar ErbB members, ErbB-1, 2, 
3 and 4. Epidermal growth factor (EGF) is one of severalligands that bind 
ErbB-1. ErbB-3 or ErbB-4 also bind several ligands, including neuregulin-1 
(NRG-1). To date, no ligand for ErbB-2 has been identified. However, ErbB-2 
serves as an heterodimer partner for ErbB-3, ErbB-4 or ErbB-1, and is 
critically involved in NRG-l-activated cell signalling. 

//7 vivo studies using gene targeting experiments indicate that 
developmental defects resulting from inactivation of ErbB-2 are similar to 
those observed in NRG-l-inactivated animals. Both animals showed defects 
in the neural crania ganglia and heart trabeculae development. Furthermore, 
ErbB-3 or ErbB-4 gene-inactivated mice have similar or overlapping 
phenotypes to NRG-1 or ErbB-2 knockout mice. This strongly suggests that 
ErbB-2 participates in NRG-l-activated ErbB-3 or ErbB-4 signalling pathways 
in vivo. 

In addition to its role in development, the human ErbB-2 gene is 
frequently amplified and its encoded protein is over-expressed in a variety of 
human carcinomas. Early research on ErbB-2 discovered that an oncogenic 
point mutation resulted in the formation of ErbB-2 homodimers that in turn 
caused significant phosphorylation of the tyrosine residues on the 
intracellular domain. While no corresponding point mutation has been 
found in ErbB-2 overexpressing human carcinomas, the upregulation of ErbB- 
2 results in the formation of homodimers that in turn increases the tyrosine 
phosphorylation of its intracellular domain. This process is hypothesised to 
be the start of a signal cascade that triggers cell transformation and/or 
growth, and thus initiate tumourigenesis. However, there is evidence to 
contradict the hypothesis that ErbB-2 homodimers are responsible for the 
initiation of tumourigenesis: i) some ErbB-2 mutants that are engineered to 
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enhanced dimerisation and self-phosphorvlation have no effect on cell 
transformation; ii) antibodies that bind to the extracellular domain of ErbB-2 
and presumably promote homodimerisation result in ErbB-2-expressing 
cancer cell growth promotion, whereas others inhibit cancer cell growth. 
5 These data indicate that homodimerisation of ErbB-2 is insufficient for cell 
growth promotion or cell transformation, and other conditions, possibly 
involving specific dimer orientation or conformation, are required. 

ErbB-2 acts as a heterodimer partner for the ligand-binding ErbB-3 or 
ErbB-4 receptors. The ligand.. NRG-1, has been identified to have two 

10 independent receptor binding sites: one that has a high affinity for ErbB-3 or 
ErbB-4. and the other that has a low but non-specific affinity for all ErbB 
members. Thus the exposure of NRG-1 to cells expressing ErbB-3/4 and 
ErbB-2 would result in heterodimers of ErbB-2 and ErbB-3/4. However, in the 
absence of the ligand it is unclear whether ErbB-2 has an affinity with other 

15 ErbB receptors, and it is possible that such an interaction could be involved 
in the initiation of cancer. Amongst all the ErbB receptors ErbB-3 is unique 
because: i) ErbB-2 preferentially forms heterodimers with ErbB-3; ii) co- 
transfection of NIH3T3 cells with ErbB-2 and ErbB-3 results in much higher 
levels of cell transformation than that of transfection with ErbB-2 alone; iii) 

20 in ErbB-2 over-expression-associated breast cancer cells, ErbB-3 is also highly 
expressed; iv) ErbB-3 is also overexpressed in ErbB-2-overexpressing tumour 
cells from ErbB-2 transgenic mice. 

The present inventors examined whether ErbB-2 and ErbB-3 interacted 
in a ligand independent manner in NIH3T3 cells cotransfected with the two 

25 receptors. By co-immunoprecipitation, ErbB-2 was detected in ErbB-3 

precipitants from cells cultured in the absence of NRG-1, and conversely 
ErbB-3 was detected in ErbB-2 precipitants. ErbB-2/3 complexes were also 
identified in cross linking experiments. The ligand-dependent and ligand- 
■ independent ErbB-2/ErbB-3 heterodimers were distinguished by the distinct 

30 mobilities of the two cross-linked dimers on the SDS-PAGE. However, both 

ErbB-2 and ErbB-3 in the ligand-independent heterodimer are phosphorylated 
and bind to She. an intracellular cell signalling protein. These ligand- 
independent ErbB-2/ErbB-3 heterodimers were also detected in cells from 
ErbB-2-overexpressing human breast cancer lines, SK-BR-3, TB-474, and 

35 MDA-MB-453. To test w T hether the ligand-independent heterodimer is able to 
activate cell growth in breast cancers, the above three human breast cancer 
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cell lines were treated with anti-ErbB-2 extracellular domain and anti-ErbB-3 
. extracellular domain antibodies in a cell growth assay. The anti-ErbB-2 
antibody. N12. suppressed growth in all three cancer cell lines, while the 
anti-ErbB-3 antibody reduced the growth in BT-474 and MDA-MB-453 cancer 
cell lines. Interestingly, when ErbB-2 antibody was combined with ErbB-3 
antibody in cultures of SK-BR-3 cancer cells, the two antibodies had a 
synergistic inhibitory effect on cancer cell growth. These results indicate 
that ErbB-3 is involved in human breast cancer cell growth by ligand- 
independent heterodimerisation with ErbB-2. 
RESULTS 

To investigate ErbB-2 and ErbB-3 interactions in the absence of NRG- 1, 
the present inventors used NIH3T3 cells, which express low levels of ErbB-2 
and no detectable levels of the other ErbB receptors, and transiently 
expressed either ErbB-2. ErbB-3 or both ErbB-2 and ErbB-3. To avoid possible 
NRG-1 in the serum of the cell culture medium, cells were cultured in serum- 
free medium for 24 h prior to harvesting. ErbB-2 or ErbB-3 were then 
precipitated using antibodies specific for either receptor, and precipitants 
were analysed by Western blot. Immunoblots using anti-ErbB-2 antibodies 
detected ErbB-2 in ErbB-3 precipitants (Figure la, middle panel, Lane 3). 
This was not a cross reaction of the antibodies as the anti-ErbB-3 antibody 
was not able to precipitate ErbB-2 (Figure la, middle panel, Lane 5) or bind 
to ErbB-2 in the Western blot (Figure la bottom panel Lane 1). Similarly, the 
anti-ErbB-2 antibody was not able to precipitate ErbB-3 (Figure la, bottom 
panel Lane 1) or bind to ErbB-3 on the Western blot (Figure la. middle panel 
Lane 2). The complex formation required membrane association of ErbB-2 
and ErbB-3 f as soluble receptors are not capable of forming the complex in 
mixed cell extracts of cells transfected with ErbB-2 and ErbB-3 separately 
(Figure la. middle panel, Lane 5). ErbB-3 receptors were also detected by 
Western immunoblotting of anti-ErbB-2 precipitates from ErbB-2/3 
contransfected NIH3T3 cells (Figure lb). The presence of NRG-1 enhanced 
the heterodimerisation of ErbB-2 and ErbB-3 as expected (Figure la. Lane 4; 
Figure lb, Lane 2). 

Immunoblotting detected the presence of phosphorylated tyrosines of 
an 180 kDa protein from ErbB-2/3 cells treated with or without NRG-1 (Figure 
la ? top panel. Lane 3 and 4, respectively). It is expected that this 
phosphorylation was present on intracellular ErbB-2 and/or ErbB-3 that had 
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formed a ligand independent heterodimer. Unlike ErbB-2, ErbB-3 has an 
impaired kinase domain and would not be capable of phosphorylating other 
proteins. Therefore, this indicates that the phosphorylated protein is most 
likely ErbB-3. 

To test whether the ErbB-2 and ErbB-3 complex detected by 
coimmunoprecipitation is a heterodimer, cross-linking experiments were 
performed with cells transfected with ErbB-2 or ErbB-3 alone, or 
cotransfected with ErbB-2 and ErbB-3. The cell lysates were 
immunoprecipitated with anti-ErbB-2 or anti-ErbB-3 antibodies. ErbB-2 
overexpression results in homodimerisation. as doublet protein bands were 
detected at approximately 360 kDa while the monomeric receptor was 
detected at approximately 180 kDa (Figure 2a ; top panel Lane 1). Formation 
of the ErbB-2 homodimer was independent of ligand stimulation (Figure 2a, 
top panel. Lanes 1 vs 2). 

A 360 kDa dimer was also detected in ErbB-2/ErbB-3 co-transfected 
cells (Figure 2a, Lane 5). This was a heterodimer, as the protein was 
precipitated with anti-ErbB-3 antibody and detected on the Western blot with 
anti-ErbB-2 antibody. However, unlike the ErbB-2 homodimer, the ErbB- 
2/ErbB-3 heterodimer consisted of only a single band. In response to NRG-1 
stimulation of ErbB-2/ErbB-3 cotransfected cells, there was a lower mobility 
heterodimer complex similar to that seen in ErbB-2 transfected cells (Figure 
2a, top panel Lane 1 vs 6). The decrease in mobility of the ligand-activated 
heterodimer was not due to increased tyrosine phosphorylation, since i) the 
doublet dimers are both phosphorylated on tyrosine residues; and ii) both 
ligand-dependent and ligand-independent heterodimers had similar levels of 
tyrosine phosphorylation (Figure 2a, middle panel. Lanes 5 and 6). Once 
again the presence of ErbB-2/3 heterodimers was not the result of cross 
reactivity of the antibodies as the ErbB-2 homodimers were not detected by 
the anti-ErbB-3 antibody (Figure 2a. bottom panel. Lanes 1 and 2). ErbB-3 
was only capable of forming a limited amount of homodimers, even in the 
presence of NRG-1 (Figure 2a, bottom panel, Lanes 3 and 4). 

In order to test whether the heterodimerisation of ErbB-2 and ErbB-3 
could be stimulated by a unknown ligand in serum, ErbB-2/ErbB-3 
cotransfected cells were cultured in either serum free media or in media 
containing serum. As shown in Figure 2b, left and right panels, similar 
banding patterns are detected from cells cultured with or without serum. 
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To test whether the ErbB-2 and ErbB-3 overexpression- mediated 
heterodimer formation in NIH3T3 cells had any relevance to cancer cells 
which overexpress ErbB-2. the human breast cancer cell lines SK-BR-3, MDA- 
MB-453. and BT-474, which overexpress ErbB-2 and ErbB-3 were studied. As 
in the cotransfected NIH3T3 cells. ErbB-2 co-precipitated with ErbB-3 using 
the anti-ErbB-3 antibody (Figure 3a). Also, consistent with data from 
cotransfected NIH3T3 cells.. NRG-l significantly enhanced the formation of 
ErbB-2/3 heterodimers in these cells (Figure 3a). 

Since ligand-stimulated ErbB-2/ErbB-3 heterodimers are known to bind 
to the cell signalling molecule She, the present inventors examined whether 
the ligand-independent ErbB-2/ErbB-3 heterodimers also bind to She. Similar 
amounts of She co-immunoprecipitated with ErbB-2 from ErbB-2 transfected 
cells and ErbB-2/3 co-transfected cells, in the absence of NRG-l (Figure 4a, 
Lanes 1 and 2). As the overexpression of ErbB-2 in NIH3T3 cells resulted in 
ErbB-2 homodiraers (Figure 2a), this data shows that She can bind to ErbB-2 
homodimers. However, She also co-immunoprecipitated with ErbB-3 from 
ErbB-2/3 transfected cells in the absence and presence of NRG-l (Figure 4b, 
Lanes 2 and 3). As She did not co-immunoprecipitate with ErbB-3 from cells 
expressing ErbB-3 alone, this data indicates that She is associated with ErbB- 
2/3 heterodimers in the presence and absence of NRG-l. 

Next it was examined whether She also associated with ErbB-2/3 
heterodimers in human breast cancer cells. Once again, She was found to co- 
immunoprecipitate with ErbB-3 from each cancer cell line (Figure 4c). In 
each cell line tested, NRG-l enhanced the co-immunoprecipitation of She 
with ErbB-3. indicating that She does interact with ErbB-2/3 heterodimers. 

To test if the ligand-independent ErbB-2/ErbB-3 heterodimers are 
active in cell signalling and in stimulation of cell growth, commercial anti- 
ErbB-2 (N12) and anti-ErbB-3 (Ab5) extracellular domain antibodies were 
used to treat cultures of human breast cancer cells that over-express ErbB-2 
and ErbB-3. It was predicted that the combination of these antibodies would 
disrupt preformed ErbB-2/3 heterodimers and thus disrupt their signalling 
properties and possibly the stimulation of cell growth. N12 has previously 
been reported to inhibit the growth of various cancer cell lines, and here it is 
confirmed that the antibody inhibits anchorage dependent growth of cancer 
cell lines, including MDA-MB-453, BT-474, and SK-BR-3 cells (Figure 5). BT- 
474 cells were more sensitive to N12 compared to the other cell lines. 



WO 00/78347 



PCT/AUOO/00671 



16 

However, it was found that Ab5 also inhibited growth in both BT-474 and 
NIDA-MB-453 cells (Figure 5a and b r respectively). As with Nl2 f BT-474 cells 
were more sensitive to Ab5 in comparison to other cancer cell lines tested. 
When N12 and Ab5 were combined to treat these breast cancer cells, they 
had an additive effect on MDA-MB-453 and BT-474 cells, and a synergistic 
effect on SK-BR-3 cells. T47D and MCF-7 cells were also tested with this cell 
growth assay. In T47D cells, ErbB-2 and ErbB-3 are overexpressed, and in 
MCF-7 cells ErbB-1, 3 and 4 are highly expressed. However, neither of the 
cells responds to N12 or Ab5, indicating that the growth activity of ErbB-3 is 
dependent on the presence of active ErbB-2 (which is able to respond to anti- 
ErbB-2 antibody (data not shown). Thus, it was concluded that ErbB-2/3 
heterodimers are active in many human breast cancer cells even in the 
absence of a ligand, and this heterodimer is responsible for stimulating cell 
growth. 
DISCUSSION 

Overall the present inventors have shown a cell growth stimulation 
effect triggered by ErbB-2/ErbB-3 in the absence of the ligand, NRG-1. This is 
associated with over-expression of ErbB-2 and ErbB-3 in human breast cancer 
cells. This finding is supported by the following observations: i) over- 
expressed ErbB-2 and ErbB-3 form heterodimers in ErbB-2/ErbB-3 co- 
transfected NIH3T3 cells, and in ErbB-2 over-expressing human breast cancer 
cells, which respond to anti-ErbB-2 antibody's inhibitory effect; ii) in the 
ligand independent ErbB-2/ErbB-3 heterodimers, ErbB-3 is phosphorylated on 
tyrosine residues; iii) the ligand-independent heterodimer binds to the cell 
signalling molecule She; iv) a commercial anti-ErbB-3 antibody, which has 
previously been reported not to have inhibitory effect on cancer cells, 
inhibits human breast cancer cell growth, and when it is combined with an 
anti-ErbB-2 antibody, they show either additive or synergistic effect on cell 
growth inhibition. Thus, it is concluded that ErbB-3 is involved in human 
breast cancer cell growth via a ligand-independent interaction with over- 
expressed ErbB-2. 

Early studies postulated that ErbB-2 over-expression alone was enough 
to induce tumourigenesis. Such conclusions were made from the following 
observations: i) ErbB-2 is over-expressed in a variety of human cancer cells 
since the ErbB-2 gene is amplified; ii) ErbB-2 over-expression results in 
phosphorylation of its intracellular domain and binding to cell signalling 
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proteins. She and Grb2: iii) transfection of cultured fibroblast cells with the 
wild-type ErbB-2 gene results in cell transformation; and iv) ErbB-2 mutant, 
in which homodimerisation is enhanced, shows a higher level of the 
transformation activity. However, although ErbB-2 mutant is able to 
transform cells, it is not clear if the wild-type ErbB-2 can also transform cells, 
since other studies can not identify such an activity for ErbB-2 alone. It is 
not clear if in these a few ErbB-2 transformed cells. ErbB-3 is also expressed, 
as such an ErbB-3 expression occurred in tumour cells from the ErbB-2 
transgenic line. Thus, even though ErbB-2 is involved in cancer cell growth 
or cell transformation, it not clear if ErbB-2 alone is sufficient in mediating 
cell signals for cell growth or transformation. It is possible that only the 
ErbB-2/ErbB-3 heterodimer but not the ErbB-2 homodimer is directly 
involved in tumourigenesis. 

This study indicates that without ligand binding, ErbB-2 and ErbB-3 
heterodimeric complexes exist on the cell surface in ErbB-2-overexpressing 
and ErbB-3 highly-expressing cells. This is supported by the co- 
immunoprecipitation of ErbB-2 and ErbB-3 from co-transfected NIH3T3 cells. 
The co-immunoprecipitation is also obtained with cells of the human breast 
cancer cell lines. SK-BR3, MDA-MB-453 and BT-474, which over-expresses 
ErbB-2 and express high levels of ErbB-3. but not NRG-1. It is thought that 
the ligand-independent heterodimer may have a higher affinity to NRG-1 
than to the ErbB-3 homodimer. Artificial heterodimers of ErbB-2 and ErbB-3 
have a much higher ligand binding affinity than artificial ErbB-3 homodimers 
or monomers. However, previous studies suggested that the ligand initiated 
ErbB-2 and ErbB-3 dimerisation. This apparent contradiction has not been 
adequately explained. Therefore it is unclear from those studies whether the 
dimer is formed prior to or after ligand binding to ErbB-3. Moreover, the 
present finding suggests that ligand-independent formation of the ErbB-2- 
ErbB-3 heterodimeric complex might be dominant over the formation of 
ErbB-2 homodimers. as the presence of ErbB-3 can prevent formation of 
ErbB-2 homodimer doublet bands on the SDS-PAGE. 

It is unexpected that ligand-dependent ErbB-2/ErbB-3 heterodimers 
have a lower mobilty on SDS-PAGE than that of the ligand-independent 
heterodimers. This difference may be due to the molecular mass of the 
ligand. NRG-1, which could be cross-linked to the receptors. However, the 
ligand used in this experiment contains only an EGF domain of about 7 kDa, 
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thus it is unlikely that the molecular mass of the ligand is able to 
significantly change the heterodimer mobility. This mobility difference 
could be due instead to different conformations between the two 
heterodimers, which are fixed by the cross-linking reagents, or to different 
levels of phosphorylation, although both heterodimers are phosphorylated at 
comparable levels detected by the anti-phosphotyrosine antibody. 

Another critical aspect of this study is the anti-ErbB-3 antibody- 
mediated cancer cell growth inhibition. The anti-ErbB-3 antibody used in 
this study (H3. 105.5) has been previously investigated, and was found to 
have no effect on the growth of cancer cells which express ErbB-3 (NeoMarks 
Catalogue. 1999). The differing observations could be due to the different 
cell lines used. Unlike the previous study, the present inventors have tested 
five human breast cancer cell lines: MCF-7 ; T47D, SK-BR-3 ; MDA-MB-453 
and BT-474. Cells from the latter two lines respond to the ErbB-3 antibody 
alone. Interestingly. SK-BR-3 cells do not significantly respond to the ErbB-3 
antibody alone but show a 2.5-fold greater response to a combination of ErbB- 
2 and ErbB-3 antibodies than to the ErbB-2 antibody alone. Critically, all 
three cell lines which respond the ErbB-3 antibody also respond to the ErbB-2 
antibody. MCF-7 and T47D cell respond neither to the ErbB-2 antibody nor 
the ErbB-3 antibody, even though MCF-7 cells express ErbB-1. 3 and 4. and 
T47D over-express ErbB-2 and ErbB-3. Given that the anti-ErbB-2 antibody, 
herceptin, which has been used in breast cancer patients for cancer cell 
growth suppression, is only effective on 50% patients, the coincidence of the 
three cells responding to both antibodies, suggests that ErbB-2/ErbB-3 
heterodimer may be the only active form in stimulation of cancer cell growth. 

One aspect of the present invention is a novel approach for cancer 
therapy by blocking or interfering with the ErbB-2/ErbB-3 heterodimer 
formation. 

It will be appreciated by persons skilled in the art that numerous 
variations and/or modifications may be made to the invention as shown in 
the specific embodiments without departing from the spirit or scope of the 
invention as broadly described. The present embodiments are, therefore, to 
be considered in all respects as illustrative and not restrictive. 
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CLAIMS: 

I. A method of arresting or inhibiting cell growth, the method comprising 
preventing or reducing ErbB-2/ErbB-3 heterodimer formation in a cell thereby 
arresting or inhibiting the growth of the cell 

5 2. The method according to claim 1 wherein the cell is a cancer cell. 

3. The method according to claim 2 wherein the cancer cell is a human 
breast cancer cell. 

4. The method according to any one of claims 1 to 3 comprising treating 
the cell with an agent which prevents or reduces ErbB-2/ErbB-3 heterodimer 

10 formation in the cell. 

5. The method according to claim 4 wherein the agent comprises one or 
more compounds which bind to ErbB-2 or ErbB-3 and block, interrupt or 
interfere with ErbB-2/ErbB-3 heterodimer formation or conformations in a 
cell. 

15 6. The method according to claim 5 wherein the agent is a combination of 
an anti-ErbB-2 extracellular domain antibody and an anti-ErbB-3 antibody. 

7. The method according to claim 6 wherein the antibody combination 
produces a synergistic effect in arresting or inhibiting cell growth. 

8. The method according claim 6 or 7 wherein the agent comprises a 

20 combination of anti-ErbB-2 antibody N12 and anti-ErbB-3 antibody H3.105.5 . 

9. A method of cancer therapy, the method comprising preventing or 
reducing ErbB-2/ErbB-3 heterodimer formation in a cancer cell of a patient 
thereby arresting or inhibiting the growth of the cancer cell. 

10. The method according to claim 9 wherein the cancer cell is a human 
25 breast cancer cell. 

II. The method according to claim 9 or 10 comprising administering to a 
cancer patent an agent capable of preventing or reducing ErbB-2/ErbB-3 
heterodimer formation in a cancer cell. 

12. The method according to claim 11 wherein the agent comprises one or 
30 more compounds which bind to ErbB-2 or ErbB-3 and block interrupt or 

interfere with ErbB-2/ErbB-3 heterodimer formation or conformations in a 
cell. 

13. The method according to claim 12 wherein the agent is a combination 
of an anti-ErbB-2 extracellular domain antibody and an anti-ErbB-3 antibody. 

35 14.- The method according to claim 13 wherein the antibody combination 
produces a synergistic effect in arresting or inhibiting cell growth. 
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15. The method according claim 13 or 14 comprising the combination of 
anti-ErbB-2 antibody N12 and anti-ErbB-3 antibody H3.105.5. 

16. The method according to claim 11 wherein the agent is one or more of 
compounds which cause a high level of ErbB-2 expression in a cancer cell, 
compounds which bind with the ErbB-2 extracellular domain such as 
antibodies and other ligands. compounds which prevent or reduce ErbB-3 
expression in a cell, compounds which prevent the interaction of ErbB-3 with 
ErbB-2 in a cell. DNA expression constructs containing cDNA encoding 
proteins/peptides which can mediate or enhance the ErbB-2 
homodimerisation or prevent or reduce the interaction between ErbB-2 and 
ErbB-3. 

17. Use of an agent which prevents or reduces ErbB-2/ErbB-3 heterodimer 
formation in a cell in the manufacture of a medicament for cancer therapy. 

18. The use according to claim 17 wherein the cancer human breast 
cancer. 

19. The use according to claim 17 or 18 wherein agent comprises one or 
more compounds which bind to ErbB-2 or ErbB-3 and block, interrupt or 
interfere with ErbB-2/ErbB-3 heterodimer formation or conformations in a 

cell. 

20. The use according to claim 19 wherein the agent is a combination of an 
anti-ErbB-2 extracellular domain antibody and an anti-ErbB-3 antibody which 
combination produces an additive or synergistic effect in suppressing cancer 
cell growth. 

21. An anticancer agent comprising one or more compounds which 
prevent or reduce ErbB-2/ErbB-3 heterodimer formation in a cancer cell. 

22. The agent according to claim 21 wherein the cancer is human breast 
cancer. 

23. The agent according to claim 20 or 21 comprising one or more 
compounds which bind to ErbB-2 or ErbB-3 and block, interrupt or interfere 
with ErbB-2/ErbB-3 heterodimer formation or conformations in a cell. 

24. The agent according to claim 23 comprising a combination of an anti- 
ErbB-2 extracellular domain antibody and an anti-ErbB-3 antibody. 

25. The agent according to claim 24 wherein the antibody combination 
produces a synergistic effect in arresting or inhibiting cell growth. 

26. The agent according claim 24 or 25 comprising the combination of 
anti-ErbB-2 antibody N12 and anti-ErbB-3 antibody H3.105.5. 
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